We propose that Ðrst-order Fermi acceleration of Lya photons should occur at the interface region between the solar and interstellar winds. In this process, photons are Doppler-shifted toward shorter wavelengths each time they are scattered by hydrogen neutrals that have been decelerated by charge exchange with protons in the transition region wrapping the heliopause. An additional component should therefore appear on the blue side of the line proÐle of the Lya sky background emission. Its detection would not only reveal the existence of the heliopause interface but also trace its spatial distribution. We report here Hubble Space T elescope (HST ) high-resolution Lya line proÐles of the sky background showing that the inner heliospheric hydrogen has a mean velocity of 23.2^0.5 km s~1 in the upwind direction. This velocity corresponds to an averaged deceleration along the line of sight of the interstellar hydrogen of 2.8^0.5 km s~1 after crossing the transition region. We show that an extra component, which we interpret to be the spectral signature of the Fermi process in the upwind direction, is present in the blue wing of the Lya sky line proÐle. In addition, we interpret here the enigmatic excess in the Lya sky brightness that was recently detected by V oyager deep in the inner heliosphere as being due to the additional Fermi emission. According to this interpretation, the distribution of this excess emission should also represent the spatial variation of the neutral velocity drop-o † across the interface region. In this scope, we show that the region of the heliosphereÏs nose is D12¡ away from the upwind axisÈa good indication that the interstellar magnetic Ðeld deviates D40¡ from the interstellar Ñow direction.
INTRODUCTION
It has been known for some time that the solar system resides in a relatively warm and dense cloud known as the local interstellar cloud (LIC) (Vidal-Madjar et al. 1978 ; Cox & Reynolds 1987 ; Frisch 1998 ; Zank & Frisch 1999) . Owing to the relative motion of the Sun with respect to this cloud, an interstellar wind results, with a neutral component that penetrates deeply into the solar system, where it becomes accessible to in situ measurements. The existence of this Ñow was Ðrst inferred in the early 1970s from the detection of a ubiquitous background of interplanetary H I Lya emission due to resonant scattering of solar Lya photons by interstellar hydrogen neutrals (Bertaux & Blamont 1971 ; Thomas & Krassa 1971 ; Adams and Frisch 1977) . Since then, classical interpretations of scattered solar UV radiation by H and He have been extensively utilized with the hope of deriving the real properties of the local interstellar gas by extrapolating properties (temperature, abundances, etc.) obtained for the inner solar system. However, analysis of these UV data has proven difficult, and classical interpretations have been shown to have intrinsic limitations for deriving neutral abundances, essentially because of opacity and Ðltration e †ects at the interface between the solar and interstellar winds (Puyoo, Ben-Ja †el, & Emerich 1997 and references therein ; Pryor, Witte, & Ajello 1998) . Consequently, the LIC parameters derived so far by this technique are poorly constrained. Additionally, given the complexities of plasma, neutrals, and magnetic Ðeld interactions involved, little is known about how the solar wind interacts with this Ñow. It is predicted that the heliospheric interface demarcating the interacting regions establishes the far border of the solar system (Axford 1972 ; Wallis 1975 ; Holzer 1989) . Downstream of the contact surfaceÈthe heliopauseÈthe deceleration of the supersonic solar wind produces a terminal shock, while upstream the deceleration of the interstellar plasma may lead to the formation of a bow shock. The morphology and location of these concatenated interfaces are intimately related to the properties of the downstream solar wind and to the upstream interstellar Ñow such as plasma densities, bulk velocities, magnetic Ðeld, ionization rates, and so forth.
Extensive e †orts have been devoted to alternate techniques for detection of signatures of the heliospheric interface. For instance, a weak radio emission event was detected by V oyager in the 2È3 kHz frequency range (Gurnett et al. 1993 ; Gurnett, Allendorf, & Kurth 1998) . This event has been interpreted in terms of electrons accelerated by a Ðrst-order Fermi process after crossing the solar wind termination shock. V oyager has also detected a systematic excess of the intensity around the upwind direction from the UVS Lya brightness sky maps taken at large distances of D40È50 AU from the Sun et al. 1994) . et al.
(Que merais
Que merais (1996) have shown that the observed excess emission can be explained neither by classical subsonic models nor by axisymmetric supersonic models of the interstellar Ñow, notwithstanding the presence of a hydrogen wall in the upwind direction. By contrast, the hydrogen wall was invoked to explain an additional absorption detected in high-resolution spectra obtained toward nearby stars, although the interpretation was not deÐnite (Bertin et al. 1995 ; Gayley et al. 1997) . Other indirect evidence includes the detection of pick-up ions in the inner heliosphere, a minor product of the ionization of interstellar neutrals by the solar Ñux. Their properties have been used to constrain indirectly the H number density and the magnetic Ðeld strength of the LIC (Gloeckler, Fisk, & Geiss 1997) . Energetic neutral hydrogen atoms have now been detected at Earth orbit by SOHO, and these have been interpreted as a minor product of the interface region (Hilchenbach et al. 1998) .
It would be a lengthy process to enumerate the large sets of data gathered and theoretical models advanced concerning the multiple facets of this subject (Holzer 1989) . Unfortunately, direct evidence about the transition regionÈevidence which may help in properly Ðtting together the pieces of this huge puzzle of the interaction between the LIC and the solar windÈis still missing. In the following, we suggest a new process that may o †er a more direct link. Indeed, we propose that the Lya brightness excess observed by V oyager UVS should be the intensity of an additional blueshifted component in the interplanetary Lya emission line which is, in turn, produced by an unusual Ðrst-order Fermi acceleration of Lya photons scattered by decelerated neutral hydrogen across the transition region. We also present HST archive data supporting the existence of an extra blueshifted component in the sky background Lya line proÐle. We interpret this to be the spectral signature of the Fermi process in the upwind direction.
OBSERVATIONS AND DATA ANALYSIS
Lya observations have been performed by Clarke et al. (1998) in the upwind direction in (a \ 252¡ .7, d \ [15¡ .4) 1994 April 7 and 1995 March 25 using the HST Goddard High Resolution Spectrograph (HST /GHRS). Three spectra were obtained in 1994 and seven in 1995 using the echelle mode, each lasting 544 s of exposure time and sampling 2000 equal intervals in the range of 1212.3È1218.7 A . The HST /GHRS detector has 500 diodes ; a diode is the nominal resolution element. However, GHRS spectra are automatically oversampled to a diode step to reach 2000 1 4 pixels per spectrum. Therefore, rebinning oversampled spectra by 4 is the usual way to get the original pixels. Any further rebinning would enhance the signal-to-noise ratio (S/N) but reduce the spectral resolution. The 1A .74 ] 1A .74 large science aperture was used, which for extended sources enables us to reach a resolving power separation of 16,000 for monochromatic lines. This resolution was evidenced by the Earth foreground line which has a 0.076 width and A was used to derive the aperture response function. A careful analysis of HST /GHRS echelle mode data for extended sources observed with the large science aperture has been made by Clarke et al. (1995) . This analysis included the derivation of the line spread function (LSF), the instrument sensitivity, andÈimportant in the echelle modeÈthe grating scatter light proÐle. Here we have reprocessed the data to improve upon the subtraction of the detector background signal.
To begin, we recalibrated the data using the HST /GHRS calibration software (CALHRS) but omitting the automatic background subtraction. This omission was necessary to obtain a careful estimate of the di †erent sources of signal background, including scattered light and detector Ðxed-pattern noise, or "" ghosts.ÏÏ We further took advantage of the FP-split technique that was used for each observation to record four di †erent subspectra on the detector at positions separated from each other by D20 pixels in order to construct, piece by piece, the background underlying the target signal. For this we used an iteration method of background correction (Cardelli & Ebbets 1994 ; Fitzpatrick & Spitzer 1994 ; Lyu, Bruhweiler, & Smith 1995) to enhance the S/N of the spectra by using the strong Lya emission line of the EarthÏs geocorona as a reference for subspectra correlation. We restricted this data processing to wavelengths shorter than 1215.4 and longer than 1215.8 for which at A A least one of the subspectra provided a direct measurement of the background signal adjacent to the target emissions. This has the advantage of cleaning from the data the Ðxed pattern noise, or "" ghosts,ÏÏ produced by the detector, thereby enhancing the S/N of the data. Next, we subtracted the derived background signal per pixel, co-adding for each date of observation the complete set of data. Finally, we rebinned the data by 8 with each new resolution element covering D0.02
corresponding to one-fourth the GHRS A , large aperture width. The binning was made by a classical box average that does not alter the data.
Spectra processed with the "" align and add ÏÏ technique, derived in the present study and in Clarke et al. (1998) , yield equivalent results. A direct comparison between spectra derived with the iteration method and spectra that was reduced by Clarke et al. (1998) using the classical align and add technique reveals not only that the noise level indeed is decreased but also that some artiÐcial features such as those around pixels D40, D75, and D150 in Figure 1a are clearly shrunken. The averaged full spectrum combining the 1994 and 1995 data is shown in Figure 1b . Since the total integration time for 1995 was longer, the quality of the spectrum is better than for 1994. For the spectra derived with the iteration method, the 1 p noise level, evaluated on the blue and red segments of spectra, corresponds to 2.0 and 2.7 ] 10~14 ergs cm~2 s~1 respectively, for 1995 and 1994. As A ~1, shown in Figures 1 and 2 , an extra emission feature appears on the blue wing of the interplanetary Lya emission line, centered around D1215.3 and extending over few of the A rebinned resolution elements. The detection level for the peak intensity of the additional component is D3.5 p for 1994 and D4.5 p for 1995. For the full set of data shown in Figure 1b , a detection level of D5.5 p was obtained. In comparison, the align and add technique lowers this detection level to D3 p.
The comparison between line proÐles obtained for the two dates of observation is very constructive. As shown in Figure 2 , the spectral position of the interplanetary line center is shifted from D1215.477 in 1994 to D1215.463 A A in 1995. The additional emission feature is shifted in the same way, from D1215.317 to D1215.302
The relative A . spectral shift (D0.014 for the interplanetary line between A ) the two dates is almost the same (D0.015 as for the A ) additional feature. Furthermore, accounting for the EarthÏs motion during the observations, we Ðnd that the shift corresponds to a change of 3 km s~1 (equivalent to 0.012 in A ) the EarthÏs projected velocity evaluated according to the ephemerides. This change shows that the apparent spectral position of the extra feature is strongly tied to the sky emission line, thereby ruling out any contamination by Ðxed-FIG. 1.ÈHST archive spectra of the Lya sky background obtained in 1994 and 1995 (Clarke et al. 1998 ; HST data set names : Z2BY0102T, Z2BY0103N, and Z2BY0104T for 1994 and Z2BY5102T to Z2BY5108T for 1995 ; Program ID 5413). (a) Comparison between align and add classical technique taken from Clarke et al. (1998) and the iteration method applied here twice for noise reduction. Both spectra are rebinned by 8 to a resolution corresponding to two detectorsÏ diodes. The data quality is clearly better for the iteration technique, where a factor of almost 2 is gained in the S/N. (b) Weighted average of the 1994 and 1995 spectra derived with the iteration method. The feature on the blue wing of the IPM line is real, reaching a 5.5 p level at its peak.
pattern noise of the detector response or any spurious airglow feature of telluric origin at another order of the echelle grating. Airglow emissions would remain Ðxed with respect to the EarthÏs geocorona line. Moreover, mapping of the spectral position of the emission feature to the adjacent echelle orders does not correspond to the possible airglow emissions (Lya , O I) that could contaminate the Lya order. In addition, it would be difficult to reconcile this feature with a contamination by an FUV stellar emission from the dusty molecular clouds in the Ðeld of view, although the possibility cannot be completely dismissed. The fact that the spectral position of the detected feature follows the position of the interplanetary line within^0.5 km s~1 in the EarthÏs reference frame from 1994 to 1995 and corresponds exactly to the EarthÏs relative motion between the two dates assures us that the detection is reliable.
In the following, we interpret the extra component as being produced by a Fermi acceleration process, a model that we will develop in the next section. However, we must stress that this interpretation cannot be conclusive until high-resolution detection of the extra emission can be obtained, particularly for other lines of sight that deviate from the upwind direction. This detection should reveal the Ðne structure of the line (e.g., Fig. 3a) and may clarify the issue of the potential contamination by stellar emissions.
Finally, using the Doppler shift between the interplanetary and Earth lines, the HST data show that the interplanetary hydrogen has an average bulk velocity of 23.2^0.5 km s~1 in the upwind direction (e.g., Fig. 2 ). For comparison, the bulk velocity of the unperturbed local interstellar cloud is 26 km s~1 (Bertin et al. 1993 ; Linsky et al. 1993) . It follows that the mean velocity drop-o † of the interstellar hydrogen is *v D 2.8^0.5 km s~1 in the upwind direction. This value, though lower than previous estimates (Lallement, Bertaux, & Clarke 1993 ; Clarke et al. 1998) , conÐrms that the interstellar hydrogen is Ðltered when entering the heliosphere. (Fig. 2) . Note the particularly sharp shape of the line with very reduced blue wing compared to the more extended red one. This intrinsic characteristic of the line should distinguish it from any other model in future observations. (b) Theoretical Fermi intensity variation vs. the discontinuity velocity. It shows their simple, almost linear, mutual dependency. This distribution was calculated for the hydrogen heliospheric pattern deÐned by eq. (1).
hydrogen atoms is expected in the region outside the heliopause (Osterbart & Fahr 1992 ; Baranov & Malama 1995 ; Zank et al. 1996) . This is because during the charge exchange between the interstellar H neutrals and protons, unperturbed interstellar hydrogen atoms are replaced by new atoms created from the capture of one electron by an interstellar proton H`and travel at the smaller velocity of the decelerated plasma. In either case, an observer in the rest frame of interstellar decelerated neutrals will see the unperturbed upwind Ñow approaching at the drop-o † velocity of *v ; photons backscattered by the upstream neutrals will then be seen Doppler-shifted toward shorter wavelengths in the decelerated medium rest frame. Similarly, when observing from the unperturbed medium, the decelerated medium is seen approaching at the drop-o † velocity of *v ; photons emitted by the downstream neutrals are seen blueshifted in the unperturbed medium rest frame. Consequently, each time a photon is scattered from one side of the transition region to the other, the Doppler e †ect causes that photonÏs wavelength to decrease by a factor and D(*v/c)j 0 , the photon gains energy at a rate proportional to *v/c. Because photons gain energy from the scattering by neutrals decelerated across the transition region in a manner similar to the energy gain occurring at a velocity discontinuity from the Ðrst-order Fermi process (Neufeld & McKee 1988) , our association of this Doppler e †ect with a Ðrst-order Fermi acceleration process appears to be well founded. Ordinarily, a large H column is required on at least one side of the velocity discontinuity to ensure repeated scatterings across the interface ; this is indeed the case for the local cloud where H columns of D1018 cm~2 are commonly measured in the upwind direction (Ferlet 1999) . The formulation of the Fermi processÈdeveloped in astrophysics to explain asymmetric proÐles that exhibit blue wing emissionsÈwas introduced by Neufeld & McKee (1988) to explain the asymmetric Lya line of radio sources 3C 326.1 and 3C 294. More recently, Johnstone & Fabian (1995) have assumed the same mechanism to explain a blueshifted peak of the HST ultraviolet spectrum of nucleus NGC 1275 ; in addition, Binette, Joguet, & Wang (1998) have used it to explain an asymmetric Lya line proÐle from the high-redshift radio galaxy 1243]036.
To model the extra component, we apply the classical description of the Fermi process (Neufeld & McKee 1988 ; Binette et al. 1998 ) that we have modiÐed to include two important facts : the observation is made inside the local cloud, and the opacity of the inner heliospheric region at Lya is not large. Because the process at work here is the scattering of photons between two adjacent regions, it can be described by a simple model that depends only on the H density columns ([H] ; and the temperature on each side of the interface separating them), as well as the velocity dropo †. Such a model is justiÐed not only because of the large opacity of the LIC medium but also because the velocity jump (D3 km s~1) is much smaller than the lineÏs Doppler width (D16 km s~1 ; Kulander 1968) . To obtain the Fermi line proÐle, we use the invariance principle description (Ben-Ja †el, Magnan, & Vidal-Madjar 1988) with reÑection and transmission coefficients of the slabs on each side of the discontinuity surface described by the following indices : "" do ÏÏ for the slab between the discontinuity and the observer, "" dec ÏÏ for the entire decelerated slab, and "" up ÏÏ for the unperturbed slab in the upstream direction. Given these deÐnitions, the reÑection coefficient of the "" mirror ÏÏ used in classical formulations (Neufeld & McKee 1988 ) is now the product of the optical reÑection coefficients respectively of the two slabs that face each other across the discontinuity. Another important factor is the evaluation of the transmission coefficients ! : because the opacities for the inner heliosphere are not large, we used the model of Osterbrock (1962) that includes the e †ects of frequency redistribution. The Ðnal expression giving the observed intensity is
where is provided by equations (25) and (28) of ! do (v) Osterbrock (1962) . Note that we have adopted the model of Binette et al. (1998) to count scattering events because it is Vol. 533 appropriate for counting the small number of reÑections from one medium to another given the moderate opacity of one of the media. The intensity was calculated numerically and then convolved with the instrument line spread function. Because the total [H] column (D1018 cm~2), averaged temperature (D7000 K), and bulk velocity (26 km s~1) for the LIC all are relatively well known from high-resolution spectroscopy measurements of nearby stars (Bertin et al. 1993 ; Linsky et al. 1993) , the key parameters that stand are the [H] column (along with the averaged temperature) in the inner heliosphere and the velocity drop-o † across the transition region. A sample line proÐle of the Fermi emission is shown in Figure 3a . Note the particularly sharp shape of the line with a very reduced blue wing compared to the more extended red one. These intrinsic characteristics of the line should distinguish it from any other model in future observations. The position of the line peak measured from the interplanetary (IPM) line center, *j, can be approximated assuming that it corresponds to the wavelength that maximizes the probability for photons to escape from the slab embedded between the discontinuity and the observer. Following Osterbrock (1962) , we posit that 
It appears from equation (3) that it is not possible to derive a unique solution merely from the spectral position. The relationship shown in equation (3) is provided for purposes of clarity to highlight the dichotomy of the solution when the line shape is hidden by the e †ect of the instrument line spread function and thereby giving access solely to the lineÏs spectral position. In practical terms, all our Ðtted parameters have been derived numerically from equation (1) and thus are more accurate. Given that we have on hand good estimates of the unperturbed interstellar hydrogen number density of D0.25 cm~3 and proton density of 0.043 cm~3 (e.g., Puyoo et al. 1997 ; Puyoo and Ben-Ja †el 1998), we have decided to focus on the determination of the upstream temperature and to check afterward if the derived value is consistent with previous estimates derived from absorption spectra of nearby stars. The Ðtting process was based upon the gasdynamic models by Baranov & Malama (1993 , 1995 , which we have digitized. We derived by interpolation the H neutralÏs density, temperature, and velocity distributions along the interstellar wind direction, all of which correspond to an interstellar proton density of 0.043 cm~3. A good Ðt to the Fermi line was obtained for inner heliospheric mean column of D3.0 ] 1015 cm~2 and a [H] do mean temperature of K along the line of T do D 1.6 ] 104 sight in the upstream direction ; these numbers correspond to a Baranov & Malama (1993) model with an upstream hydrogen density of D0.25 cm~3 and a temperature of 8000^1000 K (e.g., Figs. 2 and 3a) . According to this model, the neutralÏs velocity varies strongly across the transition region, reaching local values as low as 15 km s~1.
However, the average value, weighted by the medium opacity, is D23 km s~1. This compares nicely with the independent value 23.2 km s~1 (or, equivalently, a deceleration of 2.8 km s~1 ) derived from the spectral position of the interplanetary line observed in the HST /GHRS data.
One prominent characteristic of the Fermi process is the nearly linear dependency of its integrated intensity on the velocity discontinuity (Neufeld & McKee 1988) . As shown in Figure 3b , this dependency is conÐrmed also in the particular pattern of the heliospheric hydrogen. The next step, then, is to use this propertyÈi.e., the intensity variation with the direction of observationÈin order to access other characteristics of the interstellar Ñow by Ðtting the V oyager data shown in Figure 4 . The V oyager UV spectrometer has a poor spectral resolution of D33 which provides the A Lya brightness without information on the line shape. In the following, we interpret the Lya brightness excess shown in Figure 4 as the intensity of the Fermi component. For that end, we utilize a simple model to describe the twodimensional distribution of the neutralÏs velocity Ðeld. The assumed reference frame is heliocentric and has a Z-axis along the interstellar windÏs arrival direction. In the subsonic case, the bulk velocity of the collisionless interstellar gasÈout of the zone of inÑuence of the SunÈshows a nearly planar front in the (X, Y )-plane when viewed from Earth (Osterbart & Fahr 1992) . In the supersonic case, the direct, unperturbed component of the neutral population should show a planar velocity front which is orthogonal to the Z-axis, just as it does in the subsonic case. However, the "" newborn ÏÏ neutrals should have a velocity front similar to that of the shocked protons because the charge exchange process takes place without momentum transfer (Lipatov, Zank, & Pauls 1998) . In describing the bow shock, we use Baranov & MalamaÏs published cases (1995) , which include the inÑuence of the interstellar neutrals on the pattern of the heliopause region.
By using the Rankine-Hugoniot relation in the case of an oblique shock (Landau & Lifschitz 1978) and including the upstream drop-o † velocity of D3 km s~1 which was deduced from the HST data, we calculate the variation of the velocity Ðeld with the angular distance to the upwind direction. We consider both the Mach number and the fraction of "" shocked neutrals ÏÏ as free parameters. Moreover, by playing with the orientation of the bow shock, we can modify not only the angular gradient of the resulting velocity Ðeld but also the location of its maximum. Finally, in order to derive the strength of the Fermi component signal, we evaluate the background radiation ÐeldsÈregardless of their originÈwhich are present in the previously deÐned zone of inÑuence. For instance, this could be derived from any complete sky background map recorded by the V oyager UVS (Lallement et al. 1991 ; Hall 1992) . According to these measurements, the average radiation Ðeld from all directions is decaying with distance from the Sun, and a mean value estimated over the inner heliosphere corresponds to D1100 R (1 R \ 106/4n photons cm~2 s~1 sr~1).
V oyager 1 UVS recorded the Lya brightness distribution shown in Figure 4 in a plane that contained both the upwind direction and the direction deÐned by (j, b) \ (284¡, [14¡) . This distribution shows a D20¡ deviation from upwind for the maximum of the intensity. The comparison of our Fermi intensity model described above to the UVS emission excess reveals that a Mach number M D 1.8 bow shock exists for D27% of the H neutrals and that the nose of the heliopause makes an angle of 12¡ from upwind (Fig. 4) . According to the Baranov & Malama (1995) model, this 27% of H neutrals that exchanged their charge with shocked interstellar protons is consistent with the initial unperturbed interstellar proton density of D0.043 cm~3. We can now translate the 12¡ deviation of the heliopause nose from the upwind axis to an inclination of the magnetic Ðeld using the Newtonian approximation (Fahr, Grzedzielski, & Ratkiewicz 1988) . For that purpose, we have calculated the velocity assuming a 1.8 kG magnetic Ðeld Alfve n in the range proposed so far for the local interstellar medium (Gloeckler et al. 1997 ; Lyne & Smith 1989 ) and a 15% ionization rate that corresponds to a proton density of 0.043 cm~3 (Puyoo & Ben-Ja †el 1998) . Using equation (67) of Fahr et al. (1988) , we Ðnd that the interstellar magnetic Ðeld is inclined D40¡ with respect to the upwind direction. Recent three-dimensional MHD calculations (Ratkiewicz et al. 1998 ) of the plasma interaction between the solar wind and the LIC, including a general orientation of the magnetic Ðeld in space, have shown that the Ðne structure of the interface region is much more complex than depicted by the Newtonian approximation. Careful modeling that includes the inÑuence of the neutrals is therefore necessary to properly translate the drop-o † velocity distribution revealed in the frame of the Fermi model to accurate intrinsic properties of the interstellar Ñow.
CONCLUSIONS
We may now sketch the following scenario of the interaction of the interstellar Ñow with the solar wind : a weakly ionized and magnetized warm interstellar gas, moving at a velocity of 26 km s~1 relative to the Sun (Bertin et al. 1993 ; Linsky et al. 1993) , corresponding to a Mach number M D 1.8, with a H density D0.25 cm~3, a helium density D0.027 cm~3, and a proton density of D0.043 cm~3, wraps the heliosphere (Puyoo et al. 1997 ; Puyoo & Ben-Ja †el 1998) . There, the solar wind carves out its zone of inÑuence, shielding the planetary environment from extrasolar and energetic plasma. The interstellar magnetic Ðeld makes an angle of 40¡ with the upwind direction, thereby pushing the nose of the demarcation surfaces D12¡ away from the upstream axisÈan o †set necessary to balance the magnetic pressure (Ratkiewicz et al. 1998) . The heliopause stands D150 AU far from the Sun in the upstream direction. As the interstellar plasma Ñow approaches, it slows suddenly, forming a bow shock 180 AU upstream of the stagnation surface (Baranov & Malama 1993) .
When traveling through the transition region that demarcates the two Ñows, 27% of H neutrals consistent with the assumed 15% ionization rate exchange charges with decelerated interstellar protons, which themselves feel the inÑu-ence of the expanding solar wind. The H neutrals are heated to D1.6 ] 104 K on the average, and the net result is a deceleration of D3 km s~1 of the H atoms after crossing the interface region. A neutral hydrogen pileup follows in the region, forming the expected warm hydrogen wall (Gayley et al. 1997 ). This warm heliospheric hydrogen with a column density of D3 ] 1015 cm~2 in the upwind direction should be detected in absorption by high-resolution spectroscopy of nearby stars.
The entire process seems to be relatively well described by the kinetic gas models of Baranov & Malama (1993) and Lipatov et al. (1998) . The H neutrals, accompanied by the unperturbed helium, enter the inner heliosphere where they interact with solar Ñux and plasma to produce pick-up ions, a set of ions that has been measured in situ in the inner solar system (Gloeckler et al. 1997) . The interstellar hydrogen and helium, both inside and outside the heliosphere, induce the sky background emission after photons of solar (and possibly Galactic) origin are backscattered et al. (Que merais 1996) . However, multiscattering e †ects may erase a large part of the information that one would expect to derive on the scattering gas or the source of photons (Puyoo et al. 1997) . Only the Fermi line, a faint but well-separated spectroscopic component of the sky emission, preserves a simple, direct signature of the structure of the far transition region. Interestingly, an opposite e †ect should occur in the downwind direction where we expect, in contrast, a much fainter emission component on the red wing of the sky emission line. When observed in a Ðxed plane, the intensity contour of the additional components should appear as a cocoon. This delineates the intersection between the plane of observation and the three-dimensional distribution of the drop-o † velocity of H neutrals. High-sensitivity and highresolution spectrometers in the UV range are needed to properly trace these distributions from EarthÏs orbit. With the unique opportunity to be the closest spacecraft to reach the interface region in the future, V oyager 1 should provide a three-dimensional picture of this distribution by scanning at Lya in di †erent planes of the sky. L. B. J. is grateful to Gilda Ballester and April Greer (University of Michigan) for their critical reading of the manuscript. We thank John T. Clarke from the University of Michigan for sharing information on the HST /GHRS spectra and for providing his processed data. We also thank B. Sandel and J. Holberg from the University of Arizona for helpful discussions on V oyager UVS data reduction. L. B. J. and R. R. acknowledge support from the Centre National de la Recherche ScientiÐque of France (CNRS) and Polish Academy of Science (PAN) under Program 5037 (CNRS-PAN protocol) and program Jumelage Pologne.
